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(the  pirtstorcnr  IBolranors  af  the  (Cnast 
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1^    r,!)\vAKi)  M.   15rR\v\;M,  M.A.,  I'm.  I). 

Ki'u.l  Fr'oniai^    17.  I'M  4. 
DuriiiL:  tlu'  p;i^t   summer,   rlu'  writer  Ni'sircil   the   Moimr  ( larilialdi 
ri';jiiiii.  wliich   is  Mtiiart'il   in  rlic  Coa^r   Raiim'  ot    I5riri-li   (.'(ilumhia,  on 
the  ea.-t  siili"  ut  flu-  C'hcakaii;ini>  \  alirx.  and  ahiiiit  i(iit\   n'ilc.  i!\i.'  iMirfli 
of  V'aivouvcr. 

'I'll''  L;ciifral  vtiatii;raiilii(.'  and  ph\  sioLM'ai'liie  tea'nn's  ot  the  CDa^t 
Ranu'e  nia\    '.'e  fniimcratt'd  a^  tolliiw-.; — 

i.  1  lit'  raiiLTc  C(in--ists  ot  a  i()ni]il('\  ut  rcirk^  wliii'h  iinlndc  I'i) 
nictaniorphii"  -.t'dinK'ntarit'--  and  iizneoiis  lock-;  ( intru>i\c  and  pcrliap-; 
also  t'\tni^i\e)  ot  palaeo/oic  au'c  ;  (ii)  tin-  t:rt'at  izranitc  intrusion  ot  the 
Coast  Ran^rc  liatliolitti  (Ipjicr  Jurassic)  which  makes  up  the  main 
n^a-^s  of  the  ranire  ;  (iii)  a  set  ot  post-Kocene,  proliahh  Miocene  anile>itic 
hi\as,  uliich  lie  upon  eroded  surface-  of  rhic  izranite  and  the  palaeozoics, 
overhippin^r  their  contact  in  some  places,  and  (  i\  )  a  ^et  ot  Ia\a<  of 
l'l"i--tiicepe  :'iid  pn  .•- i'lt'i--tocene  au'e. 

2.  The  sculpturing  ot  this  mass  reveals  the  tact  that  it  has  ju'en 
suhjected  to  several  periods  or  c\cles  ot  erosion  during:  which  a  tairl\ 
constant  le\el  was  mainta  iied,  and  erosion  prot:ress'-d,  !n  -ome  cases 
tar,  toward  peneplanation.  These  cvcles  were  separated  troni  each 
other  h\  periods  ot  ujilitt.  The  erosion  cuies  of  which  evidence  remains 
are  as  follows: — 

~'  \  (i)  A  Cretaceous  erosion  surface  on  which  the  h.asal  nieniher  of 
the  I'.oceiie  deposits  of  Hurrard  Inlet  ma\  he  observed  restintr.  .As  the 
intrusion  of  tlie  granite  ha.  hei-n  placed  in  I'pper  Jura-sic  times,  this 
niav  represent  the  (list  pl.uiation  snh-eciuent  to  that  event,  I'lie  remo' a! 
of  the  oriL'ui.il  hatholith  root  must  theretiue  have  taken  plaei^  'n  tins 
interv  al, 

'  ii>  The  siirfa'i  oti  wh.'cli  rest  the  post  l"ocene  lav.a-  in  the  (lari- 
lialili  ifLiion,  As  tnese  lavas  mt  the  l'"ocene  ot  Stanlev  i'ark  these  old 
vallev  floors  on  whiih  thev  are  found  Ivin^  rouml  (larihaldi  Lake  must 
have  undertione  erosion  tor  a  considerrdde  tinn'  after  tlie  surface  hist 
desiriln-d.  I  he  contait  which  represents  this  surface  is  ohseivahle  on 
the  siiles  ,,f  I'htck  'l"usk  Riilee,  .md  on  tin-  soutli-w  esteiii  side  ot  Lake 
(  ianhahli,   w  Ivre  it   h;is  heen   sectionerl   h\    later   vallev  s. 
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rlic  pt  otDiind  I  -shaped  \allf\N  nt  tl'.c  niaiii  fioiiU  ami  i;\ci^,  and 
rlu'ir  niDfc  X'-^luipcd  tn'lnitaiic-.  A  t\pnal  CNaniplc  nt  ^lu'li  a  \all('\  i- 
rliar  ot  rhc  Cheakaiiiou^ — wliirli  i-  iicarlv  4' I'm  ti'i't  deep  nn  the  ^^•(■-it 
-iilc  lit  tlu-  (lanhaldi  area,  and  atrcr  iinirinL'  w  irii  rlic  S(inaniish  torn^ 
rlu'  fiiird  lit  Ho\^('  Snund,  Tlu'^c  ik'cp  \alk'\<  lia\i'  cxidencc  of  rwn 
disrincr  t;!!:i'-  nt  tni-matinii.  an  I'arlicr  \'->li;:p('d  'jniiri'.  in  tlu'  lower 
l\irr  (it  wliicli  a  I  -^liainal  \allc\  ha--  at  a  later  time  lieen  e\ea\ati'd. 
'The  re^ultinj:  profile  is  a^  shown  in  the  aeeoniiianv  iiiL'  diaLrrani.  (  I'ilt. 
1  ).  In  sdiiif  eases  a  lar^re  outer  I  -shapeii  \alle\  scenis  to  I'leirain  a  dis- 
•iner   inner  \alle\    ol  eoniparati\  e|\    shallow    depth.* 
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Ihe  date  at  uhieh  rhe<e  iireater  .'anMiiis  were  eut  ha<  heeii  ti\ed  In 
\\"iliis  and  Siiii'h'!'  a-  prnhalih  inteiiilaeial  tor  the  L'aseade  reLrion  of 
I  enti'.il  W'a.shin'iton.  or  pnssij  jv  pre-iilae  a.l.  'The  lines  ot  drainaize 
vl'ieii  the\  tepri'-nt  are  -;'j(;  \\\  |,cRo\-!-'  to  lia\e  lit-en  deterniineii  in 
earK  C'retaeeous  or  late  Jurassic  time,  hut  whether  this  he  true  or  nor 
It  Is  e\  alent  that  the  \aile\s  as  the\  now  exist  are  mueh  later  than  the 
Mioeene  (or  at  all  e\ents  post-I'.oeene )  lavas,  sinee  the  mature  ernsioti 
'i:  ti.e  I5lark  Tusk  .Meadow"  st;e_'e  (  I.ntiar  or  .Methow  )  was  devel- 
op'd  atrer  the  lavas  and  hetiire  the  euttiiiL'  ot  the  main  \alle\s. 
!■  nini  e\  uieiue  eolleeted  near  \aiieou\er,  however,  it  appears  rliat  hoth 
the  periods  ot  i^laciatioii  ot  which  \\v  luue  distinct  e\  idence  in  the  reL'ion 
wi're  later  than  the  excawition  ot  these  \alle\s,  that  is,  there  have  been 
two  extensiotis  of  the  i:lacial  ice,  with  an  iiiter\  eniiiL:  recession,  since  the 
\alle\s  reached  their  present  depth.  I'here  is  no  evidence  known  to  the 
'.vii'er  ot  aii\  e.irlier  m  c  aiKancts  in  rhc  reiiion  unless  ^ome  jilacial 
M'ci  Kills  to  he  >een  at  Mi'partiire  \\\\  ;ne  to  !ie  considerrd  conc'iisiveij 
It   would   sccni  move     |irohahle   that   ^iich   \er\    larLre  \,dli-\s  reiiresented 


I  liis  st;i._c   |iiii|i;iliK    iiirrrl:iie~   with   the    I  vv  is|>   .i;ul   Clipl.in   stnyes  uf  Willis   ninl 
Sitiiih, 
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■III-    nc|i.-iMi)iriit   nt    \lniiiic   .nul    I'isliei  ies,   (itciwii 
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prc-liitial  uplitt,  and  Milw,qnrnt  iv.-ion,  Tlii-  tit-  ■.•,fll  the  iikmIci 
tlu'orv  uln\ii  attnhua'-  -lacial  prrin.U  tn  inipuv  .'ri-hiiu'ir  nt  tlir  laiii. 
ilioxi.lr  ul  the  atniu.plu'ic,  .liic  t.i  pir.  i(iu>  iiplill  an.l  .\t.iM\<-  <t,,m< 
ivitli  ri'Milriim  rarl"iiiatMai  <>•    :i;-mi  ru;  k  inatcnal.  j 

(vi.)  ■I'hcic  i-  cM.lriuT  that  ,iiiriii_'  tbr  I'lci-t.KTnc  the  M^a  ^tmu] 
!ca>t  m\  luiivirr,!  trrt  hi-hci  than  nuA  ,  aii.l  p-rliap-  a  rlinusiii.l.  1  lir  m:i 
vall.'V-  wnr  thiai  ouiiiMial  b\  ia-  vvhuli  (Atnlilol  bclou  thr  -calrvt 
Wh.'ia-  the  \ailc\-  \\  ■,irnr,i  iLMi  their  noiith-  ttii-  -pii'a.Hii-  ot  the  J 
cau-nl  a  cdi  rcs'^'ii'lin^  ,l.Tiaai-.'  m  ilrjirh  a.ii.l  rn.- n,i  u  a-  h'-  intcn- 
'I'hc  \anr\^  wcir  r(,n>cqui'ntl\  ^hallnwrr  mar  their  miinth>  tium  ta 
tha  up.  When  the  ia-  witlulrew  and  tlic  iaii.l  m-c  th.-\  at  tir-t  pm 
abh  .•oiitainoi  laki--.-Mhmiiiual  hv  nmndoi  mekv  harraM-  aai,-  the  h)sv 
part,  M-wr  v\  liieh  the  -traaiii-  .a-eadoh  a-  ihr  (uitlet  nt  Lake  Hunt/ 
,|,„-,.  'l'hc\  have  n(i\\  i  ut  tlir.niL'li  liu-c  harrier-  pietiirevi|ue  -nr-' 
nl  whieh  tho>e  (it  the  h)\%er  (.'apihino  and  Se\ii'niir  i  reek-  are  l'u' 
examples.  ; 

(.■,,-,, r.linate  with  tlie-e  riittin--^  in  the  hottnni-  ot  the  nia-nr  \, 
le\v  arc  the  einine-  toriieed  h\  -til!  exi-t^n-  ne\e-  an.t  -laeier-  ..n  t 
lliuher  -h)pes  ut  the  ran-e.  Tlu-e  are  otten  \et\  e\ten-i\e  and  ha\e  i 
diued  the  ori-inal  -urtaee-  ut  the  -umniit  level  tu  a  -\-reni  iit  ver\  n: 
ri>u  hranehiniz  di\  id.e-  whieh  pr.iieet  aho\e  the  -nn\^  alnn-  the  top  nt  t 
raime.  'l"w  withdrawal  nt  the  iee  troni  the  i.iwe;'  \alle\-  to  it-  pre-c 
posiriiitl  (111  tiie  -loi-e-  above  the  ^nnU-tnnt  level  aiipea'-  tu  have  be;  n 
LTiathial  miivenient,  and  nianv  evidenee-cif  enmiiarativ  id\  reient  -laeiatl 
are  tn  be  tniind  mit-iile  the  pre-eiit  limit-  nt  iee  aetinn. 

Superimpn-ed  upon  -everal  nl  the  tupn-rapble  teatnrc-  aiierj 
described  .are  the  vnleanie  eniie-  and  lava  llnw  -  n;  the  I'lei-tiKene  peri 
nt  viiieam-in.  I  be  lar'je  vnleanie  enne-  nt  (  iaribaidi  and  l\ed  Mniiiu: 
-land  .ibnve  the  planateil  -urtaee  whieh  e\;eiui-  e,i-t\\ard  tr(jm  the  ed 
nt  the  v'heakamnii-  vallev  ami  l'-'-  at  an  eieva-inn  nt  ^,(:iin  p-et  and  i 
ward.  'I'bi-  llatti-h  -urtaee  h.a-  been  di-eited  b\  the  v.allev-  nt  Stniiv  a 
Svviti  Treek-.  wbieh  are  tril^ntarv  In  the  C'beakaiiinii-.  .Abnve  it  ri-e  t 
Talile,  and  lilaek  'I'u-k  Mmintain-.  eapiied  bv  pn-t  I'n.aaie  lav.i-,  a  t, 
whieli  tiNC-  the  a'^e  nt  thi-  -urtaee  a-  probablv  Plinecne.  Tiii'  vn!  am 
can  theietnre  be  nt  nn  Lrreater  .a'je  than  the  I'linetav.  The  v.allev-  beb 
it  are  (crtainh   new  er,  prnbablv   late  I'lueenenr  I'ba-tni  (  tie. 

Mniint  (iaribaidi.  viewed  trnm  the  nnrfh.  v  ,in  be  ele.arlv  (b-tiiunii 
cd  m  be  .1  Kine  -t.andini:  .abnv  e  thi-  -urt.iee  nt  pl.inatinn.  wh,eh  pa-e-  i 
iler  it  with  a  LTentle  -Inpe   upward-  tnw  ard   th"  ea-t,     I  be  enne   ir-eli 
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n    I  'I       (II  \ci, 


-.-<•  vNiM  „...,  hl.rh,  uh.Vl,  p\,..  it.  tup  a  total  alnnul,.  .,t  ahnt.t  N  700 
!'••;■  ii  -VVr^  ■-  <i,  ii.n.i.t.  ,n  ^ta-at  pair,  ,„  i,,.,.,.  tra^.rnttar.  inar.-riaU 
win,  M,ni,-  lava  strca,,,-  inrcrlnaldcl.  -I'l,.'  tnatrria.l^  arr  nt  run  .l-.r-n  r 
.';l..ur.  a  hrouni.h  tnl.  an.l  a  l,d,r  ^,.u  .  Thr  anw  itsHt  ha^  k-,.„  mud, 
.  .^Matni,  anil  rl„-  taa-.  rnttamin..  arr  lar.^.■l^   th,,...  „t  larur  nnp,,-.    with 
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'''■''"""    ■'■'■'.^     f'"!ii    rhc    icntrc    i,   i-priialK    ili 
onLnn.hahl...      It  is  .|.,nbt,ni  u  nrthrr  an.^     part    „t    tlu-    -.nnMn.r    can    In- 
nvo„„/,.,l  a.  torn,:,,^  parr  i,t  th.-  natrr.     Ti„.  ,  ,.,.i„„  „„  H,.  .a^r  an,l 

"c'.r  Mil.,  ha.  h.vn  appatmth   n.„a.  -rvcr.  rhan  ,,n  th.  north  anil  th 

-^l.ar  'Y'-a.,.  otth.-o,nH,a^..nou-  tlu.  torn,  Ota  „arrout„pp..,i 
n.i.L:.-.  uhah  rxrn,,!.  in  a  north^aml-.outh  ilir.vtion.  V,l.\,„,,  n,-r  it. 
''■"'''^    "a-nlKi-ipa-.,:    t.  th.  totmatiimot  rhr  n,ain  ^allr;.    ,      that  it 

nan,u,u.il  art.vr  attrr  thrir  totanarlon,  ,.  tonnil  in  rhr  tart  that  MHtt'rot 
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As  t(,  rlu-  toniKition  of  this  basin,  or  .aldrra,  of  wliosc  rim  tlin 
sc-mt-nts  remain,  rl\rcc  duir-i'iU  In  piith.'-cs  were  su-Licstcd  In  tac 
observed  in  the  field  :  (1)  A  u^la.  ial  eir.|ue  in  ubieb  tbe  \enr  bappcne 
to  open.  (J)  A  e:ibb-ra  residtiiiu  trom  rbe  ,-l\  in-  u  a\  ut  rbe  siirtai 
under  tbe  cone,  and  its  partial  sinkinL'.  ( -^ )  A  eabU'ra  due  to  tl 
destruction  b\   explosion  ot  an  earlier  cone. 

The  first  ot  rbesc  liMiotbeses  is  ,,pen  to  several  objections:  ( :i 
A  salient  antzlc  on  tbe  s|,b-  ot  a  deeper  \alle\  is  an  improbable  place  t( 
tbe  tormati-n  ot  a  cirque,  (b)  'I'be  truncated  lava-How  abosf  ilescrdii 
wciuld  ba\e  to  be  accounted  tor  b\  one  ot  tbe  other  two  b\p"tlH'ses 
an\  event,  and  (c)  The  -laciated  condition  »\  ;i  part  ot  rbe  surroundii 
Miocene  la\a  which  mi-jht  represent  the  disch:in:e  troni  rbe  circiiie,  ni; 
also  he  due  to  a  small  jzlacier  which  was  tormed  on  tbe  side  ot  the  coi 
its(dt. 


.'T^y  Alfn 


.^^ 


"J 


/sra<rf/ri' 


Fig.  2 


'l"be  second  bvpotbesi^  has  been  advanced  in  tbe  case  of  tbe  cahh 
ot  Mount  \la/ama  in  (  )reL'on.  but  Is  comb.ated  bv  the  mechann 
dltticultv  ot  caiisln'j  a  taulr  block  to  sink  into  an  opening  which  narro 
r;ipidl\  downward  sd  tar  as  th.e  sc.-irps  exposed  vvo.dd  indicate.  I  In 
is  no  (ibservcil  evidence  ot  crusb-/on<'>  or  other  criteria  of  taultinL'.  1 
tact  that  tbe  upper  part  ot  tbe  truncated  lava  tl<iw  cannot  be  traced 
tbe  iiresenr  cone  would  indicate  that  the  tounderlnu^  it  an\.  was  cc 
plete,  and  tbe  present  cone  built  up  subsi'quentiv .  The  :iccompanv 
fi^'ure  would  indicate  tbe  condition  ot  a  partial  rounderlnt:,  in  wb 
case  Hows  which  extended  outside  tbe  caldera  would  be  taulteil,  ! 
probablv    recognizable  on  tlu'  sunken  central  part  o,   rbe  cone.      (  1' ii;. 

■j'he  hvpothesls  ot  destruction  1  \  explosion  eir.ains  the  mosT  pr 
able  ot  the  three.  It  is  open  to  the  tontention  Miat  the  trauM'ent 
products  ot  tbe  explosi(.,.  an'  not  to  be  toiind  around  tbe  vent.  1 
<il  iection  m,iv  be  ;ins\vcred  b\  postiilatin'j:  their  removal  In  iilaclati 
'I'be  surface  ol  the  iiranite  outside  the  caldera  on  the  west,  slopes  du 
rather  steeplv  tor  about  ddll  feet,  to  tbe  level  ot  the  surrounding:  co 
tr\ ,  as  it  that  p.art  of  tbe  underivinLT  rocks  covered  bv  tbe  volcano 
been    protected    Irom   eiosion    (  sih'   fi^',   J),   ',,   that    tbe   cone   stood    o 
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plinrh  lit  a  t-im^icK-rablc  i-li'\  atimi.       This  would   tcmi   Ut  piij\f  that   the 
cailuT  iciiif  w  a--  tiiii!U-(l  in  carh    I'K'i^tdi-fiic.  it  tiut  pre- IMci^tdCcnc  riiiu-^. 

Red  Mouiitaiii,  wliieii  stands  within  this  basin,  consists  of  a  doiibU- 
I'onc.  The  I'asti-rn  and  hii:hcr  sunmiit  lias  a  (loorlv  niarki'd  crater  and 
ha^  pn)l-abl\  suttcri'd  a  ciinsi(kTablt'  amount  of  ;  ttrition  at  the  tup, 
alth(iuji:li  its  outer  slopes  show  little  e\  i.ienre  of  alteration  In  erosion.  The 
niateriaU  I'onipoNinL'  it  ar;-  larueK  ot  the  ^ra\  coloured  lava  with  whieh 
are  mixed  pieces  ot  the  underK  iii^  trranite  and  ot  tl:e  Miocene  la\as 
throuuh  which  the  \ent  w  a^  opened.  Tiie  western  cone  i^  .ibout  llMI  teet 
lower,  ,m<l  mn^istsnt  reddi-h  l)ro\\  n  la\a.  It  has  a  tairl\  complete  crater, 
wliph  u,-i>  estimated  :it  si.nie  JllO  tert  in  deprh  and  about  .^Dll  in  diameter. 
'I'lie  walls  ot  tlie  crater  have  been  breached  on  the  north  and  scjnth  sides 


In  the  later  l.iv  a-streams  to  ,i  depth  nearh 


;reat  as  the  present  bijttom 


ot  the  crater.     The  tlovvs  trom  tin's  cone  toward  the  north  have  tilled  th 


valle\   ot  Stom   (."reek  lor    ibout  ;i 


mile  and  a  ha 


t.     'Id 


le     h.arrier     thus 


the  dam  hehino   which   the  waters  ot  (laribaldi    Lake  are   re- 


taine( 


1  he  outlet  ot   the  lake   n 


tl 


iins  ahuiLT  the  depres-ion   hetween   the 


bet\ 


ed.re   ol    !l;e  l,i\:,   t;i\,    iinil    the  eortrern   \\ 
lie.      it 


'.I'   of   the   v:ille\    tor    al 


lout   a 
mile,      it  then  enters  a  reiCss  in  the  cA'^-  ot  the  la\a  wheic  a  smanei   hike 
results.      'I  he   outlet    ot    this    lake,    at    oidin;:t\    stai^cs    nr    the    water,    is 
iibfenanean,    pa  ^in-    app.irentiv    under   the   \:\\ .:    ''ow    and    eineiL'iim    in 


'he    lower    \alle\     thriiUL.'h    tlie    tal 


Us    at    the    toot    lit    thi 


lift    ki 


"the  Mai  tier."  which  is  cut  in  the  lowei  edije  ut  the  l,i\.i  flow  n,  a.p- 
larenrh  In  the  undeiniimn':  action  ot  the  -tream  :it  its  e\t  trnni  its 
-iihterianetm  coiit-e.  'I'he  scition  ot  la\a  seen  in  the  elift  slim,,  that 
there  were  srvei.il  tlow  s.  fl|c  enlier  appatcntK  ot  :^ra\  iidoiir  a'al  the 
l.'ter  brown.  1  he  e.nher  tlow  max  ihereton-  ha\c  come  trom  the  east 
ern  crater,  but  a^  to  thi-  ni'  |iroot  cMst-   I'vcept  the  coincidence  in  colour. 
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le   lustor\    lit    Mie    xiilcno    wuuhl    then    appeal 


be   that    in   tht 


lir-t  st,  ■'(•    which  occmred  eaiK    in  the  I'leistocene,  a  1  one  was  budt  up, 
ot  whuh   the  pii'-ent   eastern   com'   ma\    lia\e  been   a   ii.it'.   (u    the   whole. 
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riic  rclatinii  (,;  tin-  -luvr- i\c  intruvon^  rn  uliidi  the  C  o:i>r  Raimr 
;..rr:i  lia-  been  -uhicrrrd  t)rni~  a  -iihiciT  tor  rarrtiil  lirlvil.i;:iral  -tii(l\. 
•I'll,-  cN-cn-ioii  lit  tlif  line  nt  I'liM^tinTiu-  m  Rrc.ait  MiKaiun--.  which 
lm'i-iUi-  the  I'a.itic  (  )c,'an.  inn.  tlu-  •jcdlii-ical  pniviiur  i cpn'-cnti'ii  h\ 
the  C'i;a-r  I  athnlith,  iMacliraii\  >h)M--  mu-  nt  the  l<-u  niii.miiii'i  L'aps 
111  thr  "'^livdlc  lit   lire. 

•jh,'  piiuhur-  (il  the  Plci-fiH-cm-  \nhani-iii  kI"  rhr  C'na-t  Raivjc 
iiulu.iliiL;  la\a>  ami  p\  m. 'a-ruv  nm-titurc  a  tutniatinn  i-ipii\  alctit  to 
iiuls  ut  a  M'niihir  a-c  an,!  t\  pc  in  the  I  nitc.l  StatC'«.  It  i-  pinpo-cii  tliat 
thr  iianu'  (iarihahii  (  in.iip  -'muiM  he  appliial  to  thnn  tor  thf  hnaiirv  here 
.!:■.!  rihcl.  The  term  uoiiKl  -fr\c  to  ili.tin-ui-h  tlirii'.  n"t  onl\  tmri 
r,,rniation-  ot  a  ilittcnau  a-c,  hi;t  aUo  tnmi  I'U-iMiKcnc  ilcpoMt-  ot 
-hi-ia!  ami  ainin.ii-  ori-ai,  uith  whirh  rhr  \oKanir-  arc  to  a  hir^c 
r\irnr.   thoii-h   not   rntircU  .   i  (.ntcniporancoiiN. 
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